Piglets vocalize a great deal during the first few days after weaning. The aim of this experiment was to determine if the calls given by piglets vary in response to one factor thought to influence post-weaning adaptation: weaning age. In 22 litters, each containing a minimum of 9 piglets, 3 piglets were weaned under identical conditions at 3, 4 and 5 weeks of age. Vocalizations and weight gain were monitored for the week after weaning. The number of calls produced by piglets of all three ages declined from an average of 8.2 calls/min per piglet on the day of weaning to only 1.6 calls/min 4 days later. Overall, piglets weaned at younger ages called more (P < 0.001): piglets weaned at 3 weeks produced an average of 3.6 calls/min during the week after weaning, while those weaned at 4 and 5 weeks produced 2.9 and 2.3 calls/min respectively. The average frequency of the calls also fell (P < 0.001), from 441 Hz for piglets weaned at 3 weeks of age to 384 Hz for those weaned at 5 weeks. These results suggest that vocalizations can be useful for monitoring post-weaning adaptation in piglets.
Introduction
In pigs and peccaries, natural weaning is a gradual process characterized by a decrease in nursing frequency by the mother and an increase in solid food consumption by the young (Newberry and Wood-Gush, 1985; Jensen and Recén, 1989; Babbitt and Packard, 19901 , much as occurs in other mammals (e.g., Thiels et al., 1990) . In semi-natural conditions, piglets gradually decrease their intake of milk and increase their intake of solid food, but continue to suckle occasionally until they are 3 months of age or older (Newberry and Wood-Gush, 1985; Jensen and Recén, 1989) .
Under commercial conditions, however, natural weaning is rarely allowed to occur. Instead, young and parent are separated at an earlier age (in pigs, typically between 2 and 6 weeks of age) and this early weaning may be a source of distress for both parent and young. Several studies have documented the behaviours associated with early weaning. Fraser (1978) compared piglets weaned at 3 weeks of age with those not yet weaned and found that the newly-weaned piglets were more active, aggressive, and directed more 'belly-nosing' (rooting the ventral service of the body with the snout, as in suckling) towards pen-mates. In a similar experiment, Worsaae and Schmidt (1980) found similar behavioural effects as well as increased plasma cortisol concentrations in the weaned piglets. Dybkjaer (1992) also found increases in these behaviours when piglets were weaned under more crowded and socially stressful conditions. Two studies have specifically compared the behavioural response of piglets to weaning at different ages. Metz and Gonyou (19901 weaned piglets at 2 and 4 weeks of age and found that the piglets weaned at 2 weeks tended to be more active and more likely to belly-nose pen-mates during the 7 days after weaning. Bee (1993) weaned piglets at 4 and 6 weeks of age, and again found that younger weaning led to greater activity and more belly-nosing of pen-mates. Early-weaned piglets also show some evidence of immunological compromise (Metz and Gonyou, 19901 , and typically have poorer weight gains (or greater weight losses) following weaning (Leibbrandt et al., 1975) . Furthermore, the digestive physiology of the piglet matures a great deal between 3 and 5 weeks of age (Cranwell, 19951 , such that younger piglets are less able to digest solid feed. In combination, these results suggest that piglets adapt better to weaning at older ages.
Fig. 1. Spectrogram of an 8-s sequence of calls from 4-week old pigs approximately 7 h after weaning.
The vocalizations of piglets may be useful in assessing the response of piglets to early weaning (Weary and Fraser, 1995a) . Piglets are vocal after weaning (Fig. 1) , and piglet vocalizations have been noted in studies of weaning conflict in the wild (Babbitt and Packard, 1990) . Our own experiments have shown that piglets that have been temporarily separated from the sow vocalize at a high rate (Fraser, 1975; Weary and Fraser, 1995b) , and that sows respond to these calls by calling and approaching the piglet in a manner likely to effect a reunion (Weary et al., 1996) . These experiments also show that the calls of isolated piglets vary with the piglets' need for a response by the sow. For example, piglets isolated when mildly food-deprived called more than those that had just fed (Weary and Fraser, 1995b) . The aim of the current experiment was to determine if piglet vocalizations at weaning relate to weaning age. If piglets do adapt better to weaning at older ages, we predict that older animals should vocalize less at weaning.
Animals, materials and methods
The experiment involved 22 litters from a minimum-disease herd, each litter containing a minimum of 9 piglets. Sows and their litters were housed in standard farrowing crates before weaning, and piglets were weaned into pens (1.2 × 1.2 m) with galvanized steel walls and plasticized, expanded-metal flooring, raised 0.5 m above the floor of the room. Temperature in the weaning rooms was maintained at 30°C. Piglets were supplied a complex solid feed (Ralston Purina Baby Boomer Plus) from 10 days of age until 1 week after weaning, at which point the experiment ended and piglets were returned to the herd.
Piglets were weaned at 3, 4 or 5 weeks of age. Three piglets were weaned at each age from each litter. Any remaining piglets were weaned at 5 weeks but not used in the experiment. The advantage of this design is that it allows a within-litter test of piglet age, but a disadvantage is that piglets remaining in the litter after 3 and 4 weeks experience a reduced litter size.
Following standard barn procedures all piglets were weaned on Thursdays. Consequently, weaning age varied & ± 3 days between litters, but within litters (the basis of our statistical comparisons) age differences were always exactly 1 week. All piglets were weighed at birth and on the Thursday closest to their third week of age, and randomly assigned to the three weaning-age treatments. Piglets and feed were weighed on the day of weaning, the day after weaning (Friday), 4 days after weaning (Monday) and one week after weaning (Thursday). Weaning and all weighing took place between 1100 and 1200 h.
At weaning the group of 3 piglets was moved to a separate weaning room, visually and acoustically isolated from other animals. Vocalizations from the group were monitored for one week after weaning. Calls were recorded during four 7-min periods each day (starting at 1200, 1800, 2400, and 0600 h), for a total of 28 recording sessions during the week. Calls were recorded using a Beyer Dynamic MCE86 N(C) microphone (suspended from the ceiling approximately 1 m above the floor of the pen), a Symetrix SX202 preamplifier and a Sony DTC-59ES digital audio tape recorder controlled by an external timer.
Reliable measures of call features such as frequency and duration were not always possible because of overlap between calls and extraneous noises. The use of plasticized flooring and well-secured penning reduced the mechanical noises resulting from movements of the piglets in the pen, but these could not be eliminated entirely. In order to provide some description of the call features, we measured the duration (ms) of calls and frequency of loudest band in each call (Hz) from a limited sample of recordings using Signal software (Engineering Design, 1991) . For this analysis we selected haphazardly 11 of the 22 litters. We selected 10 16-s samples from the recordings made during the first 2 days after weaning, and 10 more from recordings made on the fourth or fifth day after weaning for each litter at each of the 3 ages. Recordings were selected that were free of extraneous noise. A total of 4845 calls were analyzed.
We restricted our primary analysis of vocal response to call counts. The DAT recordings were used to count (by ear) all vocalizations produced by the pen of 3 piglets during each 7-min recording session. We could not reliably distinguish the calls of the 3 different piglets in each group, so the total number of calls produced by all 3 piglets was noted, although very quiet calls may have been masked occasionally by a louder simultaneous call of a pen-mate. A single listener scored the tapes from all 22 litters. To determine the repeatability of these data, a second listener independently scored the 28 recordings of each of 4 haphazardly selected litters. The within-litter correlation between the measures of the two scorers averaged 0.98.
Calling often varied a great deal between successive recording sessions, presumably because of differences in piglet activity. To reduce the effect of this variation, call rate was averaged for the entire 28 sessions recorded to give a mean call rate for each group of 3 piglets. These group means, together with those for weaning weight, feed intake, and piglet weight gain during the week after weaning, were analyzed using a general linear model (SAS Institute Inc., 1989) including litter (21 df) followed by weaning age (3, 4 or 5 weeks) as independent variables. Weaning age was considered as a linear effect (with 1 df), rather than a class effect, because the relationship between age and the four dependent variables appeared linear and because the class effect (in preliminary analyses) did not account for significant additional variation after the linear effect was included in the model. As there were 66 observations (3 age groups from each of 22 litters) the maximum error df in an analysis incorporating the litter mean and weaning age was 43, although missing values (due to the occasional missed weight or failed recording session) reduced the error df somewhat in most analyses. The sub-sample of data on call frequency and duration were analyzed using the same model but with only 11 litters. Fig. 2. Mean (± s.e.m.) call rate (A), weaning weight (B), weight gain (0, and feed consumption (D) in relation to weaning age. Measures of call rate, weight gain and feed consumption are averages over the week after weaning. Call rate and feed consumption were measured for the pen of 3 piglets but the means are expressed per piglet.
To test if weight gain and feed intake varied in relation to weaning age even after correcting for weaning weight, we re-ran our analyses of weight gain and feed intake testing the effect of weaning age after taking the litter term and weaning weight into account as independent variables. In order to determine if variation in performance within an age class affected calling, we re-ran the analysis of call rate including each of the performance measures (in 3 separate models) as a final variable after litter and age. We also tested the relative effect of weight gain (and feed intake in a separate model) on call rate by including gain after litter, age and weaning weight in our general linear model.
Results
There was a rapid reduction in call rate during the first few days after weaning. Call rate averaged 8.2 calls/min per piglet on the day of weaning. Four days later call rate had declined to only 1.6 calls/min and showed little further decline during the rest of the week.
Piglets weaned at older ages called at lower rates during the week after weaning: those weaned at 3 weeks of age produced, on average, 3.6 calls/min as compared to 2.9 and 2.3 calls/min for those weaned at 4 and 5 weeks of age ( Fig. 2A; F = 13 .07, df = 1, 32, P < 0.001). There was also a strong positive relationship between weaning age and each of the performance measures (weaning weight, Fig. 2B , F = 357.13, df = 1, 43, P < 0.001; weight gain, Fig. 2C , F = 37.81, df = 1, 43, P < 0.001; feed intake, Fig. 2D , F = 39.68, df = 1, 29, P < 0.001). However, there was no significant effect of age on weight gain or feed intake after correcting for weaning weight. Within age classes, variation in weaning weight, weight gain and feed intake, as well as weight gain and feed intake relative to weaning weight, all had no significant relation with call rate.
Our analysis of the structure of the calls, using recordings from 11 of the 22 litters, showed similar effects to call rate. The structure of calls changed over the first few days after weaning. On the first two days after weaning, calls had a mean (± s.e.m.) frequency of 418 ± 7 Hz and duration of 405 ± 15 ms. Four to five days after weaning calls were somewhat lower in frequency (403 ± 7 Hz) and shorter in duration (283 & 20 ms) . The call frequency also declined with weaning age, from an average of 441 ± 7 Hz for piglets weaned at 3 weeks of age to 405 ± 9 Hz and 384 ± 7 Hz for those weaned at 4 and 5 weeks of age (F = 23.99, df = 1, 21, P < 0.001). There was no significant decline with age in call duration.
Discussion
In our experience, piglets rarely vocalize before weaning except in specific contexts such as when isolated, fighting for teats or when trapped beneath the sow. In contrast, this study showed a high rate of calling after weaning. Call rate was highest on the day of weaning and then slowly declined during the remainder of the week. This pattern contrasts with that of some other behaviours associated with weaning. Belly-nosing, for example, is not normally seen in the first few days after weaning, but rather develops days later (Fraser, 1978; Blackshaw, 1981; Metz and Gonyou, 1990) .
In a number of studies we have found that the calls of isolated piglets are influenced by the piglets' condition. Piglets at 10 days of age call more during 12 min of separation from the sow and litter if they are small and slow growing, have just missed a milk ejection, or are isolated in a relatively cool enclosure (Weary and Fraser, 1995b; Weary et al., 1997) . Although the piglets in the present study were older and we recorded calls over a much longer period, the calls are produced in similar situations (i.e., when piglets are separated from the sow) and they sound similar to the calls recorded in the earlier studies. The calls recorded in the present study were on average (± S.D.) slightly longer (346 ± 118 vs. 272 ± 221 ms) and lower in frequency of the loudest band in the call (410 ± 41 vs. 435 ± 172 Hz) than those recorded from the younger isolated piglets, and included fewer of the high-pitched squeals commonly interspersed in the calling of younger piglets in total isolation. Call rate and the mean frequency of the calls during the week after weaning were negatively related to piglet age. These results are consistent with the hypothesis that vocalizations are an indicator of postweaning adaptation, but this conclusion is contingent upon the assumption that weaning is more difficult for younger piglets. The studies cited in the introduction support this assumption, as do our own results showing that the older piglets were heavier, gained more weight, and consumed more solid feed. Less supportive of a general relationship is that calling did not relate to gains or intake after correcting for weaning weight, and that no significant relationship was found between calling and performance within each of the three age groups.
One weakness inherent in all age comparisons is the difficulty in distinguishing general developmental effects from the more specific effects of interest. Thus in the current experiment it is possible that our results reflect a general decline in vocalizations with age, and not an easier transition to weaning for the older animals. For example, the fact that older piglets produced lower frequency calls may have been due to the larger size of these animals. Comparative work in other species has shown that animals with more massive vocal structures tend to produce lower frequency calls (Ryan and Brenowitz, 1984) . The available evidence, however, argues against a general decline in call rate with age. Little experimental work has been done on the energetic costs of calling (Horn et al., 19951 , but theory would indicate that signalling is less costly for larger animals, and thus these animals could be expected to call more in response to the same conditions (Johnstone and Grafen, 19931 . Consistent with this prediction, two experiments have shown that calling in response to restraint increases with the piglet age. White et al. (1995) found that piglets restrained at 24 days of age produced calls that were higher in frequency than piglets restrained at 8 days or 16 days, and a similar experiment in our laboratory showed that older piglets call more and produce more high frequency calls (A.A. Taylor, unpublished data).
In conclusion, we suggest that the higher call rate of younger piglets in this experiment reflects a more difficult transition to weaning for these animals, but caution readers that further tests are necessary. Particularly instructive would be tests on piglets weaned at the same age but into different post-weaning environments.
